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Are Real Water Quality Problems Being Addressed by

Current Structural Best Management Practices?
G. FRED LEI:, Ph.D., p.l:, D.E.~.offcaus~. Withoutad~arundexstandlng that are used today hav~ limited efficacy

~nd of th~ pollution caused (or not caused) by in controlling thos~ portions of chemical

ANNE JONES-LEE, Ph.D. runoff, iz is obviously not possible to tenets in m’banstormwazer runoff
develop ~echnically valid, cos~-effective that have a potential to adversely impact
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Jonas-Lee is vice-pr~sidrnt of G. Fred L~ &to fl~e "maximum extent practicable." Public works directors and others
~soci==, = sp~:iaz~ =~o~m=n~ =o~ult- Current Approaches sponsibl~ for developing and implemen-
ing firm located in El Mac=re, C~lifornJa. ling urban stormwater ma.nagemen~ pro-

Large amounts of public a~d private grams have little reason to doubt tha~

THE BASIC question is related to funds a~¢ now berg allocated for con- chemical contaminants in urban storm-
practicality and cost-effectiveness-- structing su’ucmrcs ostensibly to protect water alL, charges are causing h~ghly sig-

tha[ i% ate the s~z’uctzffal stoz’~watef con- watt" qualJ[3’ and, for ~st~ng d.~sehargcs, n~cazz[ wa~" quaJJ~ problems. They fre-
trol devices being installed Lu many areas to enhance water quality. However, it is quently r~=ive L~formatlon from federal
of the counr~ actually doing the job for the authors’ ¢xpez~enc¢ that with few ex- and state agencies daJm~g that ~rban
which they are designed? Public works ceptlons, a number of sign~Scazz/, inap- stormwa[er associated chemical con-
directors for many cities and counties, propriate assumptions az¢ made when tazz~nan~ ar~ responsible for major water
and siormwater management agencies are assess’_mg potential impzcts to water qual- qualJw probl=ns. Based on its NaLional
~zvolved in developing programs design- it3’ and beneficial uses, and se|cc~g and Wa=er QuaJ~ty Inventory report ~o Con-
~d to implement "best management prac- developing BMP$ for runoff quarry ~’~ss, the EPA st~tcd:
rices" (BMPs). These stru=urcs sup- management. It is commonly taken for
posc~ly control chemical con~znJnan~s in granted that contan~anr~ in e.~isr~ng Based In part on national assessments
stormwater runoff from urban areas, urban stormwater runoff are having sig- conducted by the U.S. Environmental Pro.
Numerous attic]ca have b~n pub~sh~-d in tectlon Agency (EPA) it Is now recognized
PUBMC WoP.~ and other publications that nonpolnt sources and certain diffuse ¯
devoted to how a pazticul~r city, storm- Table I - Water Quality point $oumes (e.g., stormwater dis- -
wa~er quarry management entity, con- Characteristics of Runoff from charges) are responsible for between one-
sulr~ng firm, and/or regulator7 a~=zc~ L~ Residential and Commercial third and two-thirds of existing and
deve!oping structural BMPs, such as Areasa threatened Impairments of the nation’s
dcten~on basins, grassy.swales, in~tra- Average . waters (U.S. EPA, 1991).~
t~on systems, and so forth, for stormwater Constituent Concentration~

quaJJW management. What is not fre- TSS 239.0 The "National Water Quarry Inven-
quently discussed is that such BMPs arc BOD 12.0 tot7 1992 Report to Congr~s," ~nd~catcd"
corxstzl.t~ted at considerable public or COD 94.0 that urban stormwater runoff ranks
private expense. Tota! P 0.5 cond in importanc~ as the sourc~ of water

Current activities in stormwater qual- Soluble P 0.15 quaJJty hnpairmcnt for U.S. lakes and
ity ma.nagemen~ have evolved from the TKN 2.3 mg/L esmaz~cs, and thud as the source of water
EPA’s NationaJ Urban Runoff Program NO=+NOac 1.4 mg/L qua~W impairment of U.S. rivers.=
(NURP) begun in the lg"/0s. An ext~zsion Tota~ Cu - 53.0 rzg/L However, ¢xamJz~g the basis upon
of that program was established ~ 1990 Total Pb 238.0 pg/L which that ¢ozzc[usioz~ was drawn shows
to implement the stormwater-rdatcd pro- Total Zn 353.0 I~g/L it to be inappropriate for asscssL, zg storm-
visions of the 1987 amendments to the ~ From th~ ASCE ~nd WEF manual of water impact on water quaJJty.
Clean Water Act. Those provisions re- practice and the EPA NURP report.5

quh’~d a new NPDES (national pollution b Residental or commercial sites. Protecting Water Bodies
d~scharge elimination system) permit c As N.. U.S. water quality managemen~ prac-
system for urban s~ormwater discharges . rices are based on protecting and/or
from cities wi~ popu]a~ons grea~er than nJfican~ adverse impacts on the qualJw of enhancing the d~signated beneficial uses
100,000, as well as from selected indus- the waters receiving those discharges. I~ of water bodies. Stormwater discharges
t~ies and new developments. The EPA’s is also taken for granted tha~ a particular are generally a subject of concern because
current program requh’cs that stormwater structural BMP will be effective in con- of high concentrations of various cheraJ-
"pollution,’ be controlled to ~h¢ "max- tro]lLng =he chemical contaminants in ca] contaminants. These conmzninan~s
imum extent practicable." However, runoff that az¢ allegedly detrimental to have the potential to be ~oxic or to pro-
what is mean~ by the word, "pollution," receiving wa~er quality. However, ~s duce other adverse effects to aquatic life
or by the concept of pollution control to discussed herein, there arc few docu- in the r~:¢iving waters. The WpicaJ d~scus-
the "ma.~imum ¢xten~ practicable" has men~ cases in wh~ch urban stormwater- sion of stormwater quality "Lmpacts,"
not been def’med by Congress, the EPA, associated cheraJc~J contaminants, no~ such as tha~ which evolved from the
s~at¢ pollution control agencies, or local derived from illegal connections or illici~ results of the EPA’s NURP as reported
storrawa~cr control agencies. This article dumping, are having a significant adverse by Pitt and Field~ and more recently by
discusses issues of a~s~ssi~g real pollution, impact on the designated beneficial uses the American Society of C~vil Engineers
i.�., designated beneficial use impairmen~ of the receiving waters. Furthermore, (ASCE) and Water EnvirorLmen~ F~dera-
in receiving waters, tha~ stormwater run- many of the off-the-shelf su~zctural BMPs lion (Vv’EF)" in theLr manua.[ entitled,
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For a structural BMP to be cost-effec- lead in such sediments can cause thesecause alazanon as found, and c~uses toxic-
tire it must in fact control those forms of sediments to be considered hazardous ity in laboratory tests, that it will cause
the chenfic;fl contaminant of concern that waste, requiring more involved and cx- significant toxicity to aquatic life in the
are adversely impacting designatedpensive disposa/management. Lead ac-receiving waters. The duration of organ-
beneficial uses. Further, the degree of ira-cumulating in sediment traps and deten- ism exposure typically used in laboratory

provement in beneficial uses that would tion basins could become a much greater toxicity tests usually greatly exceeds the
accrue from the placement of such a BMPproblem in the future if the EPA changes exposure that aquatic organisms receive
should be able to be determined, the toxicity characteristic leaching pro- from stormwater discharges. To define a

The Detention Basin Fallacy
cedure (TCPL) regarding extractablereal water quality problem requires con-
ldad. This could be done based on recent ducting field studies similar to those

One of the most common BMPs for changes in the drinking water standard described in one of our previous papers.~

urban stormwater runoff is the detention for lead. Many stormwater detention This requires using an "aquatic-life
basin. In such a basin, stormwater runoff,basin and sediment trap sediments that hazard assessment framework" that will
especially from low to moderate flows, isnow just pass the TCLP test (and there- more reafistically determine if toxicity
detained for a period of time to allow par-fore are classified as a non-hazardousmeasured in urban stormwater runoff
ticalates, and their associated contami-waste) could be classified as hazardous causes adverse problems in the receiving
nants, to settle. However, as previously wastes if the TCLP allowable lead limit waters or impairs designated uses.
noted, the particulate forms of chemicalis adjusted downward. This could in- Once a real water quality problem has
contaminants removed in detention basins crease sediment disposal costs by a fac-been identified and reliably traced to
are typically non_-toxic. Their accumula-for of ten or more. urban stormwater runoff as the cause, the
tion in receiving water sediments rarely Similar problems exist with many other sources of available forms of the chemical
causes water quality problems. Wherestructural BMPs carrenfly used. Those contaminants respons~le for the problem
there is a potential problem with toxicstructures were not developed to solve real should be determined. Again, the focus
chemicals in urban stormwater drainage,water quality problems, but were adopted should not be on total contaminant con-
it is likely to be caused by dissolved for this use based on misconceptions of centratious, but rather on the available
fractions--substances that are typically how chemical contaminants in urban forms and their respective specific
not removed by a detention basin, stormwater runoff impact water quality, sources. With this type of information it

ControLling lead in urban and highway Unfortunately, in large part because may be possible to control the specific
runoff with detention basins (sometimes various ~rofessional organizations have source producing the contaminant(s) in
called sediment traps) is an example of ancompiled lists of BMPs, they have now question and thereby eliminate the need
inappropriate control method. The leadgained the appearance of credibility and to institute control programs for the
present in this type runoff is typically in reliability far beyond their real capa- entire stormwater runoff stream.
particulate forms and is non-toxic tobi]ities.

Site.Specific Solutionsaquatic life both ~n the watercohmm and A Recommended Approachin the sed~nents. While some of the par- If it is not possible to control the con-
ficulate lead kn stormwater runoff can be We reviewed an approach that we f~l taminant responsible for the water quafity
trapped in detention basins and similar stormwater quality managers should fol- problem at the source, then a "best man-
devices, much of the irmely divided par- low in developing control programs for agement practice" should he developed
ticulate ]cad and the dissolved lead pass chemical contaminants in urban storm- for the spedfic pollutants. Such a BMP
thrnugh such systems with little or no water." The first step should be to deter- will likely t~ quite different from those
removal. Thus this would be an expen- mine whether or not there really ;� a water on the lists of what are currently pre-
sire structure of dubious benefit and quality problem being caused by the cur- sented as being available to control
would do lkfle, if anything, to improve rent stormwater d~charge. As d~cassed "water~ poliution" from stormwater.
water quality, above, the f~ct that a anm~ric water Developing an appropriate BMP requ~es ¯

For a situation in which there is con- quality criterion or standard for a par- thorough familiarity with aquatic chemls-
cera about lead in a particular s~o~mwater ticular chemical(s) is exceeded is not try, aquatic toxicology, and the behavior
discharge stream, the autho~ recommend sufficient evidence that a water quality of various fo~us of chemical comami-
that before any efforts be made to de- problem exists. Furthem;ore, simply f’md- nants in different treatment processes.
velop a BMP that real wate~ quality prob- ing toxicity in tests of urban storinwater This ensures that the BMP is designed and
lems associated with lead be determined,runoff should not be interpreted to mean operated cost-effecfivdy and sufficiently
If the problem cannot be rectified by con-that the designated benefidal uses of the to remove the spedfic forms of the con-
trolling the source of lead responsible forreceiving waters is being impaired. The taminants of concern, and to provide for
the problem, then the BMP for this situa-toxicity tests used for domestic and in- proper disposal of residues generated dur-
fion should emphasize removing onlydustrial wastewater discharges tend to ing treatment.
those forms of lead that cause the wateroverestimate the toxicity that wlil occur There has be~n a strong push by nu-
quality problem. It is noted that the in the rece.iving waters. This overesfima- merous groups advocating stringent if not
techniques required for removing thetion is magnified for urban stormwater onerous controls on stormwater dis-
fraaion of dissolved lead causing thedischarge ~valuation because of theshort- charges. These controls in turn affect
water quality problem could still be very term, episodic nature of stormwater dis- growth, development, transportation
expensive. However, while present daycharges, modes (e.g., by recommending decreased
structural BMPs will largely be cosmetic For example, tests on urban storm-automobile use), and so forth in a par-
and ineffective in controlling r.eal waterwater runoff from many areas indicate a ticular area. The threa~ of lawsuits against
quality problems caused by lead, thecertain level of toxidty. Study after study a city, state highway agency, or other
appropriate treatment BMP would ad-though has shown that toxicity is not entity is a powerful incentive to imple-
dress real water quality problems causednecessarily due to heavy metals even ment those various controls. Unfortu-
by lead and control them. though that may be present in the runoff nately in the rush for compliance many

Moving the Problem in elevated concentrations. Rather, the of the measures put tu place are not

Is Not a Solution
toxicity determined by the tests appears cost-effective and may not have been
tO be caused by pesticides, such as dia- needed in the first place. Capitulating to

The sediment that accumulates in,z inert, commonly used in or aroundobviously inappropriate regulatory ap-
detention basins and sediment traps musthom~. However, it i~ important not to preaches or to ill-founded legal mandates
be periodically removed. The presence ofjump to the conclusion [hat simply be- is strongly contrary to the best interests
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PART TWO

Stormwater Runoff Management
Are Real Water Quality Problems Being Addressed by

Current Structural Best Management Practices?
G. FRED LEE, Ph.D., P.E., D.E.E.Because of that f’mding the ~an Fran-and st~zes ~f organisms that were orig-

and cisco Bay Regional Water Quality Con- inally used to establish the standard.
ANNE JONES-LEE, Ph.D. trol Board (SFBCB) had to list the bay Unfortunately the EPA’s recently

as an "impaired-use" waterbody. That leased Interim Guidance on De~ermina-
Dr. G. Fred Lee i~ preddent and Dr. Anne-listing in turn, i’equire$ that waste load tion and Use of Water-Effect Ratios forJone~ L~e i~ vic©-presidem of G. Fred L~ &

Associates, It specialty environmental consult-allocation and total maximum daily loadMetals~ manual does not address
ing f’u-m located in El Macero, California. (TMDL) for copper be developed for all toxicity of specific chemical forms. This

Part One of this article discussed some ofexternal sources of copper to the Bay. is the most significant and fundamental
the problem~ associated with current practicesThis includes Stormwater runoff because problem in using the WER approach for
of regulating stormwa~er contamlnant~. Theeof the potential toxicity of COl~per to assessing the impacts of stormwater run-
practices have led to overly-cautious conlxoh aquatic life in the watercolumn. Storm- off. A regulatory approach needs to be
and expemive ~ructural "~oludons." Part Twowater management agencies are now try-developed tha~ more appropriately con-
continues the discussion about problem~ with ing tO develop programs to control cop- siders how chemical contaminants inthe existing regulatory framework and exam-per to meet their TMDLs. However, fox- urban stormwater runoff (and for [hatines some diffcrem approaches. It is hoped that
the information presented here will lead to aniciw_ stlldies on Sall Francisco Bay waters matter, in many other sources) impact the
expanded dialog with a flexible and a morehave repeatedly shown that those waters designated beneficial uses of a water-
re.aIisdc look at how b~st management prac-are not toxic to aquatic life. This meansbody. Without such an approach, massive
rices can be achieved cos~-effectively, that exceeding the water quarry criterion/ amounts of public and private funds will

standard for copper in the Bay is an "ad- be wasted constructing. BMPs for urban

M UCH CONCERN has been ex-mlni.~rrative ¢xcecdanc¢" and is not caus- stormwater runoff-associated contami-
pressed about the need to control ing impairment of the designated bene-nants that will produce little or no im-

stormwater discharges to prevent con-ficial uses of the Ba~, waters, provement in the designated beneficial
taminating the receiving watex body. Different Approach ,ses of waters receiving those di.schaxees.
However, it is apparent that many well- ¯

Required . Suggested Approaches
intendoned control programs were imple- ’ " ¯
merited before the extent and nature of Unless the regulatory agencies adop~ a As part of working with Congress dur-
this pollutant source were fully studied, different approach, more than a bi]lion ing reauthorizadon of the Clean Water
Because of the way chemicals can exist in dollars will be spent controlling copper in Ac~, the California Stormwater QuaLity
different forms and the way some exe San Francisco’s stormwater runoff.’ This Task Force proposed language that would
bound into sediments, the actual impact �onu’ol work is being done d~spite the fac~ requixe F.PA to develop wet-weather
of these contaminan~ can be much less tha~ even if aL! copper discharg~ to ~he water quality criteria that could be used
than they are perceived to be. Many struc- Bay are eliminated, the sdn’ing of Bay by s~at¢~ to regulate chemical con-
tural BMP (bes~ management practice) sediments into the watercolunm during taminants in urban and rt~ral stormwa[er
controls seek to mitigate the worst possi- storms will still result in exceeding the runoff. Those criteria/standards would
bl¢ scenario, which may b¢ a scenario that water quality copper criterion. This is in be developed to more appropriately con-
does not actually occur. The resulting addidon to fhe fact that tesdng has shown sider the aquatic chendstry and aquatic
control measures then represent a waste no toxiciw problems in the Bay waters toxicology of runoff-associated chemical
of time, money, and effort, and do Little from copper or by other con~aminanLs, conr~-nJnams as opposed to using the cur-
to correct th= perceived problem. Much In the mid-1980s, th~ EPA d~d develop rent ~PA criteria and stat~ water qualiw
more work has to be done to determine an approach for modifying its water standards. Wha~eve~ the mechanism, it is
when material discharged through a quality critexia to give consideration to clear that a more appropriate regulatory
storm sewer actually does represent a site-specific water chemistry. However, approach is nccessaLry to avoid wasting
significant harm to a receiving water the "wa~er effects ratio" (WER) adjust- Limked funds.
body’s quality, ment approach does not consider the TypicaLly, the structural BMP for a

One documented case of inappropri- most important aspect of copp~" chem- pardculax situation is selected from a List
a[ely classifying a wa[erbody as "ira- isuy to point; aad non-point-source of such techniques that have. b~n used
paLred" (partially because of urban dischargers, that is, the relationship be- or have been proposed for use for many
stormwater dischaxges) is San Francisco tween ~he contaminants’ chemical forms years (such as detention basins, grassy
Bay. Total copper concenLradons in the and the forms of the contaminant used swales, and inf’dtradon systems). Such
wa[ers of San Francisco Bay, like many in the WER testing. Following EPA guid- BMPs have b~n developed and used over
other’ estuaxin¢ bays neax large urban ance, ~e SFBCB conduaed a WER ¢val- the yeaxs largely for addressing hydraulic
centers, exceed the EPA wa~er quality uation and was able to rahe the copper concerns, with limited regard for ~heir
criterion of 2.9 ~g/L. Since, according ~o water quality objective for San Francisco ficacy in controlling chemical contami-
FPA, a state’s numeric water qualiw Bay waters from 2.9 to 4.9 /zg/L. nanLs in stormwa~er runoff. A cx
standard canno[ bc ¢xc~-ded for more However, that adjustment is inadequa[e review of the nature of the struc,
than one hour once in ~hr¢¢ years, the Bay since Bay wa~ers already comain copper BMPs indica[es that many of them pro-
is often in violation. (Total copper con- in concentrations at leas~ twice the rcvis- duce little or no improvemen~ in
ccmrations in Bay waters typically range ¢d figure. Ye~ the waters show no toxici- designated beneficial uses of the
from 10 to sometimes as high as 15/~g/L). ty when evaluated using the same types ing waters.
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